Since the number of granulocytes is low in the circulating pool of adult golden hamsters, intraperitoneal injection of oyster glycogen was used to mobilize white blood cells from the noncirculating pool. The percentage of blood granulocytes increased from 7 to 49070. Mobilized granulocytes, purified by a discontinuous Percoll gradient, showed adherence to polycarbonate filters only when coated by collagen. Random migration was high using the modified Boyden chamber technique. While endotoxin-activated serum caused chemotactic response, it was absent when the tripeptide N-formyl-methionyl-Ieucylphenylalanine was applied at concentrations of 10-7 or 10-8 M. The true chemotactic response corresponded to the proportion of migrated cells versus the total cell number adherent to both sides of the filter. It is concluded that the golden hamster is a good model for the study of granulocyte sequestration.
Summary
Since the number of granulocytes is low in the circulating pool of adult golden hamsters, intraperitoneal injection of oyster glycogen was used to mobilize white blood cells from the noncirculating pool. The percentage of blood granulocytes increased from 7 to 49070. Mobilized granulocytes, purified by a discontinuous Percoll gradient, showed adherence to polycarbonate filters only when coated by collagen. Random migration was high using the modified Boyden chamber technique. While endotoxin-activated serum caused chemotactic response, it was absent when the tripeptide N-formyl-methionyl-Ieucylphenylalanine was applied at concentrations of 10-7 or 10-8 M. The true chemotactic response corresponded to the proportion of migrated cells versus the total cell number adherent to both sides of the filter. It is concluded that the golden hamster is a good model for the study of granulocyte sequestration.
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The majority of investigations of chemotaxis have been performed with human granulocytes because dysfunctions of neutrophils are causally implicated in recurrent clinical infections (Snyderman & Goetzl, 1981; Hogg, 1987) . Blood granulocytes from large laboratory animals have been isolated for the study of granulocyte kinetics (review: Hogg, 1987) . When rabbit or dog granulocytes are labelled with radioisotopes in vitro, the perfused cells can be localized in the bone marrow and in the blood circulation. It is known that blood circulation is composed of the marginal and the circulating pool, and the lung microcirculation is considered to be the major site where granulocytes marginate. Studies on chemotaxis or kinetics conducted with granulocytes from small laboratory animals are impeded by the low number of cells obtained from the blood. For this reason, granulocytes have been harvested from the abdominal cavity after intraperitoneal stimulation by glycogen (Watt et al., 1979) . These intraperitoneal granulocytes are activated by phagocytosis of glycogen.
The level of blood granulocytes in golden hamsters ranges from 3-43070 (Schermer, 1967; Payne et al., 1976) . Since our strain displayed a strikingly low percentage, the question arose whether granulocytes were retained in the noncirculating pool. If so, an intraperitoneal injection of glycogen may cause an increase in the amount of blood granulocytes which would allow their isolation. For this purpose, a technique of purification was developed to study the function of mobilized blood granulocytes using the modified Boyden chamber method.
Materials and methods Animals
Twenty-seven laboratory-reared golden hamsters (strain C-Iac), aged 3-4 months, were housed in fours in clear plastic cages with food and water ad libitum. The animal room was automatically controlled: 10 h light: 14 h dark and 21 ± 2°C.
One experiment was conducted to determine the number of white blood cells (WBC). One group (n = 7) remained untreated, the other group (n = 8) was injected Lp. with 1% oyster glycogen (Serva, Heidelberg, Germany) dissolved in saline !*COli solution 60 min, followed by endotoxin-inactivation at 56°C for 30 min (Metcalf et al., 1986) . Nine millilitres HBSS was added to obtain a 50/0serum concentration. The tripeptide, first dissolved in 10-3 M by dimethylsulfoxide (DMSO), was further diluted to 10-5 M with 50% DMSO/50% PBS. Aliquots were stored at 20°C. They were diluted to 10-7 or 10-8 M by HBSS before use. Polycarbonate filters with 3 p,m 2 -pore-size (Nucleopore, Tiibingen, Germany) were soaked in HBSS containing 1% Vitrogen 100® (Collagen Corporation, California, USA) and incubated in 5% humidified CO 2 at 37°C for 1 h. Pretreated air-dried filters were mounted in modified Boyden chambers (Nucleopore) on the evening preceding the assay. The lower compartment of the chamber was filled as described by Cates et al. (1978) . A 500 p,lcell suspension was pipetted into the upper compartment. The assay was run in a 5% humidified CO 2 at 37°C. Sixty minutes appeared to be the optimal time of investigation without a significant detachment of migrated granulocytes into the lower compartment. Filters were fixed in absolute methanol for I min and stained as indicated (Snyderman & Pike, 1976) . Clearing of filters occurred by a drop of immersion oil. Each assay was carried before use. Animals were anaesthetized by ether 3 h later in order to draw 3-4 ml blood by cardiac puncture conducted with a cannula fitted to a plastic syringe containing 30 IV heparin (Liquemin 2500®, Hoffmann-La Roche, Grenzach-Wyhlen, Germany). Another experiment was carried out for studies of chemotaxis using animals (n = 12) stimulated with glycogen only.
Separation technique
Ten millilitres of 1,5 M NaCI in 100 mM Hepes buffer was added to 90 ml Percoll (Pharmacia, Freiburg, Germany). This stock solution was used at varying concentrations: 55, 63, 68, and 760/0.Each solution was freshly prepared by the addition of 0'15 M NaCI in IO mM Hepes buffer. The discontinuous Percoll gradient was prepared as shown in Fig. I . Centrifugation was carried out in a bench top centrifuge (1600 g, 20 min, 21°C). Coloured density marker beads were used to determine the specific density of the cells within the gradient. After banding, cells were washed twice in 10ml Hank's balanced salt solution (HBSS) at 300 g, 10 min. The sediment was resuspended in 8 ml ice-cold solution of 0·155 M NH4Cl-0'01 M KHC0 3 -O'1 M EDTA, pH 7, 4 to remove contaminating erythrocytes (Roos & Loos, 1970) . Cell viability was assessed by the trypan blue exclusion test and the final number of WBC in a haemocytometer. Smears were treated with staining foils (Sangodiff®, Merck, Darmstadt, Germany) to count the percentage of granulocytes.
Chemotaxis assay
Two animals were used for each assay. Granulocytes were adjusted to 1X 10 6 /ml by HBSS (Gibco, Eggenstein, Germany) supplemented with 10 mM Hepes buffer and antibiotics (115 p,g penicillin-250 p,g streptomycin-24 p,g ampicillin/ml). Endotoxin-activated serum or a synthetic tripeptide, N-formyl-methionyl-Ieucylphenylalanine (fMLP, Serva, Heidelberg, Germany) were applied as chemoattractants. One millilitre pooled serum was activated by 300 p,g lipopolysaccharide (Escherichia coli 0127: B 8, Sigma, Deisenhofen, Germany) at 37°C for out in duplicate or triplicate. An ocular grid was used for counting at magnification 400 x . The celInumber on the non-migrated and the migrated side was averaged from 10 fields of 250 p.m 2 • Both sides were counted in corresponding areas to express the total number of adhering cells. The percentage of migrated cells was considered to be the chemotactic index. The Kolmogorov-Smirnow test was applied for statistics.
Results
Unstimulated golden hamsters had a low number of circulating WBC and a low percentage of granulocytes (Table 1) . Hamsters treated with oyster glycogen approximately doubled the absolute cell number and showed a striking increase in granulocytes. Adequate separation of WBC was obtained by the applied Percoll gradiant (Fig. I) . Two bands of mononuclear celIsshowed a low specific density. They were clearly differentiated from the layer of granulocytes and the layer of erythrocytes both having high specific densities. Separation of granulocytes from erythrocytes occurred for 3 reasons: first, the dilution of blood with Percoll; second, the large volume of the highly concentrated layer; third, the centrifugal force of 1600g. Differential counts demonstrated a 92% purity of the granulocyte layer. The recovery rate was roughly 50070 and the viability rate 94%.
Chemotaxis of granulocytes obtained after stimulation with glycogen failed when uncoated filters were used. Few granulocytes adhered to the top side of the filter and almost none had migrated to the bottom side. Coating the filters with Vitrogen 100®supported the adherence of granulocytes. The random migration appeared to be high because a considerable number of cells 81 was found at the bottom side of the filter when no chemoattractant had been added ( Table 2) . The amount of cells adherent to the top and the bottom side of the filter was increased when endotoxin-activated serum was used and compared to non-activated serum. Under the influence of endotoxin-activated serum, 2·7 x more granulocytes migrated to the bottom side of the filter in comparison to the effect of the non-activated serum. However, calculating the percentage of migrated cells the migratory response approached 1. 6 x only. The total number of adherent cells did not differ between the experimental and the control group when fMLP was applied at concentrations of 10-7 or 10-8 M. Chemotactic response showed a slight (not statistically significant) increase at 10-7 M concentration. As this increase was absent at 10-8 M, no further dilutions were tested.
Discussion
The 7f1Jo level of blood granulocytes is increased to 49f1Jo in our golden hamsters provided that they have been injected i.p. by glycogen. A shift of granulocytes from one body compartment into the other has obviously occurred Therefore, a new and easy to handle animal has become available to study granulocyte sequestration. The mechanism of granulocyte sequestration can be explained by the i.p. injection of glycogen which will probably put golden hamsters under stress, and, thus, mediate the release of substances responsible for the observed granulocyte mobilization. Epinephrine and/or hydrocortisone are possible factors (MacGregor, 1977; Boxer et al., 1980; Hetherington & Quie, 1985) . When epinephrine is given to humans, the marginal pool is affected, and granulocytophilia "P<0·05 versus the group with activated serum bP<O'OOI versus the group with activated serum 'N-formyl-methionyl-leucyl-phenylalanine appears during 30 min. Hydrocortisone, however, influences the bone marrow pool, and peak granulocytophilia is seen 4-6 h after injection.
Since blood granulocytes were recovered from golden hamsters 3 h after glycogen stimulation, it cannot be ruled out that the bone marrow pool contributes to the altered granulocyte kinetics with or without discharge of the marginal pool. Using our modified Percoll gradient, widely used to purify human granulocytes (Haslett et al., 1985) , the investigator has an alternative technique to harvesting granulocytes from the peritoneal cavity. These blood granulocytes of golden hamsters, however, may not be useful for the study of normal function because they did not adhere well to uncoated polycarbonate filters. The reduced adherence of the blood granulocytes may be caused by the process of mobilization. This is supported by a review where changes in adherence are discussed with the phenomenon of granulocyte margination (Hogg, 1987) . Functional changes of granulocytes mobilized in golden hamsters were also signalized by the high random motility and by the fact that the peptide fMLP did not work in this system provided that 10-7 M, respectively 1O-8 M, was an appropriate working dilution. In humans,
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Problems which are common in chemotaxis assays using the modified Boyden chamber (Bignold, 1988) are reduced by our applied mode of evaluation. Selectively counting the number of cells on the bottom side of a micropore filter mounted in a modified Boyden chamber will indicate a false migratory response. Only the percentage of migrated cells in respect to the total number of adherent cells gives true insight into the chemotactic activity. This way of evaluation is less susceptible to disturbances and allows the work to be conducted with thin polycarbonate filters which are easier· to handle than thick cellulose ester filters, used when a time-consuming evaluation is carried out by the leading front method (Zigmond & Hirsch, 1973; Maderazo & Woronick, 1978) .
